Background and Purpose-A quarter of acute strokes occur in patients hospitalized for another reason. A stroke recognition instrument may be useful for non-neurologists to discern strokes from mimics such as seizures or delirium. We aimed to derive and validate a clinical score to distinguish stroke from mimics among inhospital suspected strokes. Methods-We reviewed consecutive inpatient stroke alerts in a single academic center from January 9, 2014, to December 7, 2016. Data points, including demographics, stroke risk factors, stroke alert reason, postoperative status, neurological examination, vital signs and laboratory values, and final diagnosis, were collected. Using multivariate logistic regression, we derived a weighted scoring system in the first half of patients (derivation cohort) and validated it in the remaining half of patients (validation cohort) using receiver operating characteristics testing. Results-Among 330 subjects, 116 (35.2%) had confirmed stroke, 43 (13.0%) had a neurological mimic (eg, seizure), and 171 (51.8%) had a non-neurological mimic (eg, encephalopathy). Four risk factors independently predicted stroke: clinical deficit score (clinical deficit score 1: 1 point; clinical deficit score ≥2: 3 points), recent cardiac procedure (1 point), history of atrial fibrillation (1 point), and being a new patient (<24 hours from admission: 1 point). The score showed excellent discrimination in the first 165 patients (derivation cohort, area under the curve=0.93) and remaining 165 patients (validation cohort, area under the curve=0.88). A score of ≥2 had 92.2% sensitivity, 69.6% specificity, 62.2% positive predictive value, and 94.3% negative predictive value for identifying stroke. Conclusions-The 2CAN score for recognizing inpatient stroke performs well in a single-center study. A future prospective multicenter study would help validate this score.
A significant proportion of strokes occur in patients hospitalized for another reason. 1 Recognizing the symptoms of an acute stroke or distinguishing stroke mimics may be more challenging in the inpatient setting because of multiple confounding medical conditions or medications commonly administered in the hospital. Common stroke mimics that clinicians may encounter in hospitalized patients include delirium and seizure. 1 However, stroke mimics may also be medical emergencies such as sepsis, cardiopulmonary failure, meningitis, and status epilepticus. Activating an inpatient stroke code during these instances may delay appropriate medical treatment and worsen outcome.
Quick-scoring systems may assist non-neurology inpatient providers identify true strokes in a timely fashion and appropriately activate stroke teams. Currently, the ROSIER scale (Recognition of Stroke in the Emergency Room) aids in identification of potential stroke patients in the emergency department by non-neurology providers, but a tool for identification of inpatient strokes has not been developed. 2 In this study, we sought to derive and validate a stroke recognition tool to discriminate true strokes from mimics in the inpatient setting.
Methods

Study Cohort
Consecutive patients who had a stroke code activated while admitted to Northwestern Memorial Hospital from September 1, 2014, to July 31, 2016, were included in the study. Ethics approval was obtained from the local institutional review board, and written consent was waived. Patients admitted under observation status were considered inpatient in this study. Patient charts were accessed by a single reviewer (Dr Chang) who performed a nonblinded chart review for data abstraction. We excluded patients (1) for whom a telestroke evaluation was already done at an outside facility; (2) who were erroneously categorized as inpatient; (3) who were in the emergency department at the time of stroke code, as evidenced by emergency physician documentation; and (4) whose charts had poor quality or incomplete documentation resulting in the inability to determine the circumstances of the stroke code (eg, inaccurate patient information or lack of medical documentation about the event).
Data Collection
A regimented search pattern was created to make the data collection uniform, less prone to single-provider bias, and more amenable to statistical analysis. The following variables were prespecified for analysis: age, race, sex, medical history including stroke risk factors and prior neurological illness, admission diagnosis, hospital procedures and surgeries before stroke code activation, reason for stroke code activation, clinical characteristics, including presenting symptoms and signs, primary hospital service (cardiovascular versus other), last known normal time, initial National Institutes of Health Stroke Scale (NIHSS), vital signs, baseline laboratory results, current and hospital administered medications, final diagnoses, and any acute stroke interventions provided (eg, thrombolysis, anticoagulant reversal). A cerebrovascular event (stroke) was defined as transient ischemic attack, ischemic stroke, intracerebral hemorrhage, or subarachnoid hemorrhage as determined by imaging findings and final attending stroke neurologist determination. A specific search pattern was implemented on the first patient chart, which was replicated for the rest of the charts. More information on data collection and coding are available in the online-only Data Supplement and Table  I in the online-only Data Supplement.
In charts without documented NIHSS scores (n=33), chartbased adjudication from the neurological examination was performed according to a prior study. 3 In addition, in anticipation that most non-neurology providers are unfamiliar with the NIHSS, we abstracted an abbreviated clinical deficit scale (CDS) score akin to the Cincinnati Prehospital Stroke Score, which has been shown to be as accurate for detecting strokes when used by nonphysician providers. 4, 5 The abstracted CDS score was formulated based on items 1, 4, 5, 9, and 10 from the NIHSS when available or based on documented examination findings. Of note, similar to the Cincinnati Pre-Hospital Stroke Scale, symmetrical arm weakness (NIHSS item 5) was not scored in the CDS since systemic illness and deconditioning in hospitalized patients can produce symmetrical weakness.
Analysis
Descriptive statistics were performed using means/medians (as appropriate) for continuous variables and proportions for categorical variables. We used the first half of consecutive patients ordered by date of stroke code as the derivation cohort and conducted bivariate analyses to identify factors associated with the final diagnosis of stroke using student t tests, Mann-Whitney U tests, and χ 2 /Fisher tests as appropriate. For continuous variables (such as age, NIHSS, CDS, blood pressure) that were significantly associated with final stroke diagnosis, a graphical analysis was done to determine a cutoff value for further categorical analysis. Those factors found to be associated with final stroke diagnosis on bivariate analyses (P<0.10) were then manually selected for inclusion in a multivariate logistic regression model to identify independent factors. A score was then created with points weighted using the β-coefficients for the effect size among independent factors associated with final stroke diagnosis. We then applied receiver operating characteristics tests to estimate C statistic for our score (eg, discrimination) and sensitivity/specificity for optimal cut points. We used the second half of consecutive patients ordered by date of stroke code as the validation cohort and replicated receiver operating characteristics analysis. Calibration was assessed with a plot of predicted to observed probability of stroke for different score values. A P value <0.05 was considered significant in final models. All analyses were conducted on SPSS v.25 (IBM, Armonk, NY). The data that support the findings of this study are available from the corresponding author upon reasonable request.
Results
We identified 394 patients for whom inpatient stroke code alerts were activated during over the study period. Among these patients, 64 were excluded: 40 with insufficient stroke code documentation, 13 with insufficient or inaccurate information to identify the patient record, 6 transfers in whom a telestroke evaluation was already completed at an outside institution, and 5 activated in the emergency department.
Of the remaining 330 included patients, 51.8% (171 of 330) were non-neurological mimics, 13.0% (43 of 330) were other neurological mimics, and 35.2% (116 of 330) had a final diagnosis of stroke (Table II in (Table III in the onlineonly Data Supplement). Of these, 8 had status epilepticus and required antiepileptic drugs, 5 required management for increased intracranial pressure, 3 for urgent coagulopathy reversal, and 13 received emergent reperfusion therapy for ischemic stroke. Of the 13 patients receiving reperfusion therapy, 8 received intravenous tPA (tissue-type plasminogen activator), 2 received tPA plus thrombectomy, 2 received thrombectomy only, and 1 received stenting of symptomatic carotid stenosis.
In our derivation cohort (Table 1 ), 39% of patients had final stroke diagnosis. Compared with nonstroke patients, patients with stroke were older, were more frequently within 24 hours of admission, postoperative after cardiac procedure, located on a cardiovascular service, had higher proportions of hypertension, hyperlipidemia, coronary artery disease, and atrial fibrillation, were more commonly on antiplatelet agents and anticoagulants, and had higher NIHSS scores and abstracted CDS scores. There were no significant differences between derivation and validation cohorts in any measured variables (Table IV in the online-only Data Supplement).
In multivariable analysis (Table 2) , including these factors in the model, we identified 4 independent risk factors: (1) being <24 hours from admission (adjusted odds ratio, 3.51; 95% CI, 1.73-7.09; P<0.001), (2) being postoperative from a cardiac procedure during the same admission (adjusted odds ratio, 5.93; 95% CI, 2.65-13.24; P<0.001), (3) having a history of atrial fibrillation (adjusted odds ratio, 3.23; 95% CI, 1.49-6.97, P=0.003), and (4) having a positive CDS score (adjusted odds ratio, 6.30; 95% CI, 2.03-14.71; P<0.001). A score, named 2CAN, was generated based on the independently significant factors ( Table 3) .
The 2CAN score in the derivation cohort had a C statistic of 0.93, and a score of 2 or higher had a sensitivity of 95% and specificity of 74% for detecting stroke (Figure 1 ). The validation cohort had similar values, with a C statistic of 0.88 and a score of 2 or higher having a sensitivity of 88% and specificity of 67%. In the combined cohort (n=330), a 2CAN score of ≥2 had 92.2% sensitivity, 69.6% specificity, 62.2% positive predictive value, and 94.3% negative predictive value for identifying stroke. A plot of observed to predicted probability of stroke diagnosis in the derivation and validation cohorts showed good calibration of the 2CAN score ( Figure 2 ) and the Hosmer Lemeshow test showed good fitness (P=0.578 for goodness of fit). 
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In a single-center derivation-validation study, we found that a simple score could help discriminate between strokes and mimics in the inpatient setting with a sensitivity over 90% and a specificity of nearly 70%. During inpatient stroke codes, the 2CAN score may help a non-neurologist quickly assess the probability that inpatient with neurological symptoms is having a stroke. Since many patients admitted to a hospital do not have access to rapid inperson neurology consultation at times of acute inpatient stroke, a scoring tool may be useful to ensure prompt responses by appropriate teams. The elements that predicted stroke in our analysis have face validity. A clinical history of atrial fibrillation is a major risk factor for stroke. Hospitalized patients with atrial fibrillation may have anticoagulation held because of medical comorbidities or necessary procedures, increasing stroke risk. Cardiac procedures are also known to increase stroke risk. 6 Our findings of atrial fibrillation and recent cardiac procedures being prominent risk factors for inpatient stroke are supported by a recent study from a Canadian hospital where ≈45% of confirmed inpatient stroke patients were on the cardiovascular wards, and 60% of those occurred perioperatively. 7 The clinical neurological examination was also a strong driver for the 2CAN score. Based on the Cincinnati Pre-Hospital Stroke Scale for the prehospital setting, the CDS scores a point for any speech abnormality, whether slurred, mute, aphasic, or encephalopathic. However, the CDS also only scores for asymmetrical, rather than symmetrical, arm weakness, which implies laterality and possible stroke. The abbreviated score has a possible advantage over the NIHSS in the inpatient setting, as a typical intubated and sedated patient may score highly on the NIHSS, but only score a 1 on the CDS. Though never tested in the inpatient setting, the Cincinnati Pre-Hospital Stroke Scale has been shown to be accurately performed by lay people and paramedics to identify acute stroke in the prehospital and emergency setting. 4 Finally, our finding of being a new patient in the hospital, while nonspecific, raises the possibility of a missed stroke diagnosis during the admission process either through a direct admission or the emergency department. Alternatively, prolonged hospital stays may increase the likelihood of stroke mimics because of concomitant medical problems and medications.
Previous studies have validated the use of a screening tool to accurately diagnose stroke in the emergency room setting. [8] [9] [10] The ROSIER scale is a well-developed stroke recognition instrument in the emergency department setting, with a diagnostic sensitivity of 93% and specificity of 83%, leading to improved appropriate referrals to the stroke team. 11 Having appropriate triage in the emergency department is associated with reduced delays to thrombolysis. 9 The ROSIER scale has been validated in different study populations internationally. 5, 12 Other scales such as the Guangzhou Stroke Scale and the FAST exam (Fast Arm Speech Time) have also been shown to be effective emergency room screening tools internationally. 8 While the ROSIER scale had some elements suggestive of stroke mimic such as loss of consciousness, syncope, and seizure activity, the 2CAN score did not include these elements in the scale because there were no stroke code activations in our cohort for syncope or loss of consciousness, and only 2 stroke codes activated for seizure activity. Because the 2CAN score was based on features present or documented after a stroke code has already been activated, patients with syncope or seizure may have been preemptively filtered out and not triggered stroke code activation because of low suspicion of stroke. Khan et al 13 identified age and history of hypertension, hyperlipidemia, atrial fibrillation, migraine, epilepsy, and psychiatric illness in their retrospective sample size of 104 patients which included those transferred from other hospitals and presumably from emergency departments. We noted that atrial fibrillation was strongly associated with stroke in our cohort. Ali et al 14, 15 described a TeleStroke Mimic Score which included age, atrial fibrillation, hypertension, facial weakness, severe NIHSS, and history of seizure, to predict stroke in a telestroke population. Facial weakness, atrial fibrillation, and NIHSS score were confirmed to be predictive in the 2CAN score through a high-NIHSS score, while useful in the telestroke and emergency department settings, may not be as useful in severely ill and intubated patients.
Besides these screening tools for detecting strokes in emergency departments, tools for patients already admitted to the hospital are sparse. In a recent study, ancillary health staff at a Canadian hospital were trained to use a clinical screening examination similar to the CDS described above and to subsequently notify the primary medical provider immediately if positive. While this improved time from last known well to initial stroke code assessment, there was no published data on accuracy of stroke diagnosis based on clinical parameters in the inpatient setting. 7 At first glance, one would assume that hospitalized patients experiencing a stroke would have a treatment advantage compared with those having a stroke out of the hospital. In addition, rapid response teams have been developed over the past 20 years to improve acute stroke evaluation and management at stroke centers. 16 However, patients with inpatient strokes experience significantly greater delays to treatment and computed tomography scan compared with patients experiencing strokes out of the hospital. 17 Since 30% to 60% of inhospital stroke alerts are from non-neurological causes, 1 delay in stroke recognition by non-neurologists may be contributing to treatment delays. In a previous study at 2 academic centers, the time between primary physician notification of symptoms and activating a stroke alert accounted for over 60% of the time delay for patients, not on a primary neurological service. 18 A stroke recognition tool may be In our data, a sensitivity of 90% and specificity of 70% in detecting ischemic or hemorrhagic stroke in the inpatient setting was observed.
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useful to help detect strokes in the inpatient setting, hasten diagnosis, and increase the proportion of patients eligible for acute reperfusion therapy. This is especially true with recent guidelines recommending thrombectomy up to 24 hours after stroke onset in some patients. [19] [20] [21] While previous studies have looked into efficient resource mobilization, algorithms, and protocols to reduce median time to assessment and median time to computed tomography scan, 7 no prior study has focused on developing a stroke recognition tool in the inpatient setting.
This study has several limitations. Being a single-center, retrospective study, our results may not be generalizable to all populations or settings. As this was a retrospective study including only patients for whom stroke codes were activated, this score only applies for hospitalized patients for whom there is suspicion for stroke. Data abstraction was done by a single reviewer, though a regimented search pattern was used to make uniform data collection. Also, while the derivation and validation cohorts had no significant difference in patient characteristics because they were divided by first and second half of consecutive cases ordered by date of stroke code, there may be a possibility of residual confounding. We did not include NIHSS in the final model because it is impractical to expect non-neurology providers to be able to perform an NIHSS before activating a stroke alert. The abstracted CDS, while not as complete as an NIHSS, may be more appropriate for a nonneurology provider to learn, given that lay people and paramedics can readily perform a Cincinnati Pre-Hospital Stroke Scale accurately. 4 However, retrospective chart abstraction of the CDS has not been validated. In addition, all data collected, including evaluation of the NIHSS was performed by neurology house staff who were trained in its performance. Further prospective validation of our findings in multiple academic and community centers where the CDS can be directly applied by non-neurology providers, is warranted to ensure reliability of the score in different clinical settings. Receiver operating curve statistics for the 2CAN score in discrimination stroke from nonstroke mimics. Left, receiver operating curve for derivation cohort. C statistic=0.93, or 93% discrimination of stroke from nonstroke. Middle, ROC for validation cohort. C statistic=0.88, or 88% discrimination of stroke from nonstroke. Right, receiver operating curve for total cohort. C statistic=0.90, or 90% discrimination of stroke from nonstroke. ROC indicates receiver operating characteristics. Low 2CAN scores (low observed probability of stroke) correlated well with low-predicted probability of stroke while high 2CAN scores (high observed probability of stroke) correlated well with high-predicted probability of stroke.
Conclusions
The 2CAN stroke recognition score is the first tool targeted for non-neurology providers to aid in the diagnosis of acute stroke in the inpatient setting. Further multicenter prospective studies are required to validate this scoring system.
